Filamentous particles of lilac chlorotic leaf spot virus (LCLV), a newly recognized virus resembling closteroviruses, were found only within mesophyll and phloem parenchyma cells of infected Chenopodium quinoa and Phaseolus vulgaris leaves. In immature mesophyll cells the particles were associated with endoplasmic reticulum in the cytoplasm; in mature mesophyll cells the particles, and extensively proliferated and dilated endoplasmic reticulum, were found in ovoid cytoplasmic inclusions up to 8 #m in diam. In phloem parenchyma cells each inclusion was about 3 to 4 #m in diam. and typically occluded the cell lumen. In differentiated cells chloroplasts adjacent to the inclusions often had enlarged and sinuous thylakoids.
INTRODUCTION
During preliminary surveys to assess the importance of viruses infecting ornamental flowering shrubs, a hitherto undescribed virus was detected in three of 65 mature lilacs (Syringa vulgaris) growing in private gardens in West Sussex (Brunt, I978) . The virus, now called lilac chlorotic leafspot virus (LCLV), has particles with properties essentially similar to those of members of the closterovirus group (Fenner, I976) . However, the affinities of LCLV are uncertain because the virus is serologically and pathogenically distinct and, unlike recognized closteroviruses, it is readily sap-transmissible, moderately stable in vitro and is not yet known to be transmissible by aphids in the semi-persistent manner (Brunt, I978) .
Five closteroviruses (beet yellows, beet yellow stunt, carnation necrotic fleck, citrus tristeza and wheat yellow leaf) investigated previously induce the formation of similar intracellular inclusions in phloem or phloem-associated tissues and also sometimes in mesophyll cells (Esau et 
METHODS
LCLV was readily transmitted by mechanical inoculation of sap from infected Syringa vulgaris to several herbaceous indicator species, but the virus was most conveniently cultured in Chenopodium quinoa and Phaseolus vulgaris cv. The Prince.
For ultramicrotomy, pieces (about I to 2 mm 2) of systemically infected C. quinoa and P. vulgaris leaves, and comparable healthy tissues, were fixed for I h at I8 °C with 5 % glutaraldehyde in o.t M-phosphate buffer (pH 7"2). They were then rinsed thoroughly in neutral o.T M-phosphate buffer, fixed for I h at I8 °C in I °/o osmium tetroxide in Palade's veronal buffer (pH 7"2), and then embedded in Epon 8~2. Ultrathin sections showing silver/ gold interference colours (Peachey, r958) were cut with a diamond knife using a Reichert ultramicrotome and stained with uranyl acetate and lead citrate (Reynolds, i963) before examination in either a Philips EM 200 or EM 300 electron microscope operated at 6o kV. Micrographs were taken at magnifications of × 5o0 to × 2oooo, although most were taken at × 4ooo to × 8ooo and enlarged threefold for close examination. 
RESULTS
In infected C. quinoa and P. vulgaris leaves, filamentous particles were found in mesophyll and phloem parenchyma cells, but not in sieve tubes or other cell types. In fully differentiated mesophyll and phloem parenchyma cells, particles were detected only within inclusions which usually occurred singly in cells and were often adjacent to nuclei (Fig. I, 3, 4 & 6a) . In mature mesophyll cells, inclusions were up to 8/zm in diam. (Fig. 2) and were found to be ovoid by examination of serial sections. In phloem parenchyma cells, each inclusion was about 3 to 4 #m in diam., and typically occluded the cell lumen (Fig. 3) . Inclusions in both types of cell were shown at higher magnification to contain numerous filamentous particles randomly distributed throughout a cytoplasmic matrix containing few ribosomes but much membranous material (Fig. 4 & 6 b) ; the latter appeared to be continuous with normal cellular membranes (Fig. 2, 4 & 6 a), and is probably extensively proliferated and dilated endoplasmic reticulum. The inclusions were not membrane-enclosed, although those in mesophyll cells often extended from the plasmalemma to the tonoplast ( Fig. I & 2) . In immature mesophyll cells, the particles were present with endoplasmic reticulum in a central cytoplasmic mass (Fig. 5a & b) ; in slightly more mature cells the particles with associated endoplasmic reticulum were present between cellular organelles in peripheral cytoplasmic masses which were up to 1.2 5 × 2. 5/zm (Fig. 6a) .
Chloroplasts adjacent to inclusions in mature cells often had enlarged and sinuous thylakoids but contained no particles (Fig. 2) . Nuclei and mitochondria of infected plants appeared normal and no filamentous virus-like particles were detected in these or other organelles (Fig. 2 & 3) No virus-like particles were detected in ultrathin sections of uninfected tissues, and chloroplasts, endoplasmic reticulum and other organelles appeared normal. 
D I S C U S S I O N
The closterovirus group of plant viruses contains beet yellows (BYV), beet yellow stunt (BYSV), carnation necrotic fleck (CNFV), citrus tristeza (CTV), wheat yellow leaf (WYLV), Festuca necrosis, and possibly also apple chlorotic leafspot and apple stem grooving viruses (Fenner, 1976) . Although LCLV is pathogenically and serologically distinct from these closteroviruses (Brunt, 1978) , it resembles them in morphology, size and, as described here, the intracellular location of its particles. Thus particles of LCLV, like those of BYV, BYSV, CNFV, CTV and WYLV, occur within intracellular inclusions which are generally very similar in size, composition and in vivo location. Whereas inclusions induced by CTV (Kitajima et aL 1965; Price, r966) and BYSV (Hoefert et aL I97O) are reported to occur in, and sometimes cause necrosis of, sieve tubes, those of LCLV were present in both mesophyll and phloem parenchyma cells but not in sieve tubes. LCLV thus has more in common with WYLV which induces the formation of inclusions in phloem parenchyma as well as sieve tubes (Inouye et al. In fine structure, LCLV inclusions differed slightly from those of similar viruses; whereas inclusions of BYV (Esau & Hoefert, I97I a, b, c) , BYSV (Hoefert et al. I97O), CNFV (Inouye & Mitsuhata, 1973; Cadilhac et al. 1975) and CTV (Kitajima et aL I965; Price, 1966) contain numerous particles in parallel arrays, LCLV particles were always apparently randomly distributed throughout a cytoplasmic matrix. Moreover, the inclusions of other viruses contained numerous large vesicles, possibly grossly enlarged cisternae of the endoplasmic reticulum, whereas those of LCLV contained proliferations of the reticulum which were usually only slightly dilated. Although LCLV and the recognized closteroviruses are alike in causing degeneration of chloroplasts, some such as BYV (Esau & Hoefert, I97I a) and CNFV (Cadilhac et al. I975) , apparently cause much greater disruption. Despite these minor differences, which are possibly due to using different hosts or experimental conditions, the in vivo distribution of these viruses is generally very similar and markedly different from filamentous viruses of other groups. Cytological evidence thus supports the inclusion of LCLV in the closterovirus group. Clover yellows virus (Ohki et al. I976), an aphid-borne virus with filamentous particles 17oo to I8oo nm long, induces similar inclusions in phloem cells so it is probably also a closterovirus. Esau & Hoefert (i97ia) suggested that membranous vesicles within BYV inclusions arose de novo to serve as receptacles of virus RNA. The membranous material in LCLV inclusions does not arise de novo but appears to be endoplasmic reticulum which proliferates extensively with concomitant accumulation of particles and enlargement of the inclusions. LCLV inclusions are thus possibly sites of both virus synthesis and accumulation. The replication of some plant viruses, such as turnip yellow mosaic and cowpea mosaic (Laflbche & Bov6, 197I ; de Zoeten et al. 1974) , like that of citrus exocortis viroid (Semancik et al. 1976) , is associated with cellular membranes. Modified and extensively proliferated endoplasmic reticulum in LCLV inclusions is also possibly associated with the transcription and/or translation of virus RNA or, perhaps less like/y, with the translocation of virus RNA to inclusions from other sites of synthesis. However, the possible involvement of endoplasmic reticulum in the replication of LCLV and allied viruses requires further investigation.
Ringspot leaf symptoms similar to those induced by LCLV have been reported in S. vulgaris in Europe and the U.S.A. (van der Meer, I976), but the causal viruses have not yet been identified. As S. vulgaris is often distributed as vegetatively propagated cuttings or grafted rootstocks, LCLV is possibly geographically more widespread than now recognized.
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